Objectives/Hypothesis: The purpose of this study was to examine the timing of diagnostic and therapeutic services in cochlear implant recipients from a rural Appalachian region with healthcare disparity.
INTRODUCTION
Pediatric hearing loss is a common problem, with an incidence of approximately 1.4 per 1,000 infants screened at birth. 1 The importance of addressing early hearing loss in a timely manner cannot be overstated, as children with congenital hearing loss may have difficulty with receptive and expressive language development throughout childhood when compared with normal hearing peers. 2 Delayed diagnosis and/or intervention for infants with hearing loss frequently result in language, cognitive, and social development deficits. 3 Children with hearing loss early in life are more likely to have more difficulties in socialization, lower self-esteem, and have a higher incidence of behavioral problems. [4] [5] [6] Children with hearing loss face a complicated diagnostic and therapeutic process, which needs to be accessed in a timely manner to prevent the linguistic, educational, and social complications of hearing loss. Nonadherence to recommendations may involve socioeconomic factors, access to healthcare facilities, and other issues, all of which may delay timely care. [7] [8] [9] Children from rural regions often have limitations in access to care that affect their health 10 ; however, scant research has been conducted in the area of pediatric hearing healthcare delays and disparities. Although approximately 20% of the US population resides in rural areas, 11 the relationship of rural residence with timing of congenital hearing loss diagnosis and treatment has not been adequately assessed. To rectify this omission and address health disparities, this study aimed to assess the timing of hearing loss diagnosis and intervention services in pediatric cochlear implant recipients from avery rural Appalachian region.
MATERIALS AND METHODS
Institutional review board (protocol 11-0872-P3H) approval was obtained prior to initiation of the study. We performed a retrospective analysis of children diagnosed with congenital sensorineural hearing loss who subsequently received cochlear implants. Clinical and demographic data from the records of children (<18 years old) with cochlear implants from the University of Kentucky and the Lexington Hearing and Speech Center were analyzed. These collaborative institutions have provided comprehensive diagnostic and treatment of hearing loss in children since 1992 and are geographically positioned adjacent to the Appalachian region of Kentucky (eastern portion of the state). They serve as the primary cochlear implant center for Eastern and Central Kentucky. Inclusion criteria included pediatric cochlear implant recipients with failed infant hearing who were diagnosed with infantile severe congenital hearing loss. Children with known acquired hearing loss after birth and those with progressive hearing loss were excluded from the study. After failed newborn hearing screening, follow-up audiological testing confirmed severe sensorineural hearing loss, and these children underwent a hearing aid trial. All subjects subsequently underwent cochlear implantation after the hearing aid trial, and all care was provided at this collaborative center. Data that we collected included date of birth, county or origin at time of birth based on ZIP code, date of diagnosis of hearing loss, date of hearing aid amplification, and date of cochlear implantation. Children were separated, based on the county of origin, to a urban/suburban region group or a rural region group based on rural status of each county of origin using the Beale codes of 2003 (US Department of Agriculture RuralUrban Continuum Coding system). 12 This numerical scale has nine classifications, with the most urban county being 1 with a metro population of 1 million or more, and 9 being the most rural code, indicating that the county is completely rural or less than 2,500 urban population and not adjacent to a metro area. Beale codes 1 through 3 are considered urban/suburban, 4 through 6 are rural, and 7 through 9 are very rural. Based on the county of origin, we also recorded the designation of each county into the Appalachian region or non-Appalachian region, which is arbitrarily based on the Appalachian Region Commission classification. 13 Descriptive statistical analysis included mean time to diagnosis, amplification, and cochlear implantation and were compared for urban versus rural groups for the entire dataset. Similar analyses were performed on children born before and after 2000. All dates were recorded in weeks after birth. Differences in these variables in urban versus rural patients was examined using the Welch's two-sample t test. We used a logrank test to examine differences in the distributions of time to diagnosis, amplification, and cochlear implantation between urban and rural children. The corresponding Kaplan-Meier curves are also provided to visualize these distributional differences. A similar analysis was performed adjusting for the variable of implementation of infant screening (born after 2000). Distance from the ZIP code of origin to the diagnostic/cochlear implantation center was also recorded. Pearson correlation coefficient analysis was performed on these data to determine the relationship of distance to the timing of diagnosis, amplification, and cochlear implantation. Data were managed using an Excel spreadsheet (Microsoft, Redmond, WA), and statistical analyses were performed with Stata (StataCorp, College Station, TX) and R (R Development Core Team, Vienna, Austria).
RESULTS
We identified 70 pediatric cochlear implant recipients born between 1992 and 2010, of whom 53 children met inclusion criteria (38 children were born after 2000). All subjects received cochlear implants between 1993 and 2011. The sample included 32 females and 21 males. There were 17 children from suburban or urban counties and 36 from rural counties. The children from the urban/suburban counties were from central Kentuckycounties with Beale codes of 2 (classifying them as urban). These counties are all outside the Appalachian region, and the average distance of travel to the implant center was 6.5 miles (range, 5-21 miles). There were 36 children from rural counties (primarily of central and eastern Kentucky) , with an average Beale code of 6.7 (range, 4-9), and 25 of these children were from Appalachian counties. The average distance of travel for these children to the implant center was 85.7 miles (range, 29-199 miles), with the Appalachian children within this group having an average travel distance of 98.2 miles.
The mean timing of diagnosis, hearing aid amplification, and cochlear implantation for all subjects is displayed in Table I , including categorization based on birth before or after implementation of mandatory infant hearing screening. There was a significant delay in diagnosis in rural children compared with urban children (P 5.011). This difference was also found with a log-rank test (P 5.006). When controlling for the variable of birth after 2000, the distribution of age of diagnosis on the log-rank test still exhibited a delay in diagnosis for rural children (P 5.028) (Fig. 1) . Within the rural group, those from Appalachia were diagnosed at a mean age of 80 weeks after birth, which is over six times longer than the recommended age of diagnosis of 13 weeks after birth. Delayed amplification was also seen in rural children compared with urban children (P 5.031) and further demonstrated using a log-rank test for entire dataset (P 5.030). When controlling for the year 2000 birth variable, we identified a trend toward delayed amplification in rural children, which did not reach statistical significance (P 5.087) (Fig. 2) . In the rural group, those from Appalachia were amplified at a mean age of 90 weeks after birth. There was a significant delay in the timing of cochlear implantation in rural children compared with urban children (P 5.017), which was demonstrated in the log-rank analysis (P 5.002). When controlling for the variable of birth after 2000, the distribution of age of diagnosis on the log-rank test still exhibited a delay in diagnosis for rural children (P <.0001) (Fig. 3) . In the rural group, those from Appalachia were implanted at a mean age of 249 weeks after birth. Aside from the rural and urban comparisons, when analyzing all children in the dataset, the effect of implementation of infant hearing screening tended to hasten the timing of cochlear implantation from a mean age of 360.3 weeks after birth to 146.5 weeks after birth (P 5.008).
Pearson correlation analysis was performed on the distance to the hearing facility, county of residence Beale code, and the diagnostic and therapeutic time point variables. We found that there was a strong linear relationship between distance from the implant center and Beale code of the county of origin (r50.704, P <.001). We also identified a weak linear relationship between the Beale code of the county of origin and the timing of diagnosis (r50.312, P 5.0307), timing of hearing aid amplification (r50.288, P 5.049), and the timing of cochlear implantation (r50.400, P 5.004) (Fig. 4) . When examining only the children born after 2000, the correlations between the Beale code of the county of origin and the timing of diagnosis (r50.2588, P 5.1275), timing of hearing aid amplification (r50.2161, P 5.2124), and the timing of cochlear implantation (r50.20167, P 5.2177) did not reach statistical significance.
DISCUSSION
The National Institutes of Health, 14 Joint Committee on Infant Hearing, [15] [16] [17] and the American Academy of Pediatrics 18 have provided recommendations for timing of infant hearing testing and subsequent treatment. It is vital to identify hearing loss early as this tends to result in timely intervention, 19, 20 which subsequently improves language expression and school performance. [21] [22] [23] [24] For children who are severely hearing impaired, early intervention with cochlear implantation is crucial to stimulate cortical auditory system development, [25] [26] [27] and timing of implantation is the primary predictor of language development in these children. 28, 29 Although there is no universally accepted age of implantation, it is accepted that earlier implantation, such as under 3 years of age, results in better language development. 28 This study demonstrates a delay in the timing of hearing diagnostic and therapeutic services in cochlea implant recipients that highlight health inequities in a very rural region. These findings are complementary with another report documenting the delay in diagnosis of congenital hearing loss in children from Appalachian rural areas. 30 In both of these reports, rural children were diagnosed, on average, after age 1 year, whereas urban children were diagnosed near the 6-month age range. Certainly, the implementation of mandatory infant hearing screening has expedited the process of diagnosis and treatment of infant hearing loss across the country; however, there is still evidence of delayed care in this rural region. Interestingly, there was a short period of time between the timing of diagnosis and the timing of hearing aid amplification in the rural children compared with those from urban counties. The reason for this is unclear; however, we hypothesize that when a child (such as one from a rural region) has been delayed in diagnosis, there is a greater sense of urgency in quickly providing amplification once they are diagnosed, especially if the child is over the age of 1 year and has accompanying language development delays. The rural regions of the state have limited hearing healthcare services that provide care for children, and health disparities are even more extreme in Appalachia. Rural children have unmet dental care in this region. 31 Children in the Appalachian region are also at a higher risk of traumatic death compared with other Kentucky children due to barriers in access to care and lack of specialized care. 32 When adjusting for age, health insurance status, household income, parental employment, and ethnicity, children from rural regions are more likely to have significantly higher odds ratios of unmet medical needs, problems getting dental care, and at least one emergency department visit per year than children from urban areas. 10 The delivery of care in rural areas is an important issue considering the sizeable US rural population 11 and because the diagnostic and therapeutic delays present in this population may occur in other rural regions.
The factors behind the observed rural diagnostic and therapeutic delays are likely multifactorial but cannot be determined with this retrospective study. The lack of consistent reporting of parental and infant demographic information from clinical charts prevents further analysis of causation of these findings; therefore, only a correlation relationship can be made. Nevertheless, we speculate that limitations in services and difficulty in accessing these services play a role in hearing healthcare delays. Fewer physicians, clinics, and hospitals exist in the Appalachian and other rural areas to provide care, and additionally the geographic isolation and lack of public transportation may make reaching health services very difficult. 33 The cochlear implant recipients from the rural region of this study have to travel an average of 85.7 miles to a cochlear implant center, and this may be a significant barrier to timely delivered care. Culturally, residents from Appalachia and other extreme rural areas are said to possess a strong sense of self-reliance and reluctance to leave the area even for needed medical services. 34 Conclusions about hearing healthcare timing based on the Beale classification and/ or Appalachian residence alone may oversimplify the complex cultural and economic differences in populations of children with congenital hearing loss. Additional factors, including socioeconomic, racial differences, education, health insurance disparities, must be considered when examining rural health disparities. 35 Patients from Appalachia have poorer health in general, as they are faced with barriers to adequate healthcare. 33 The majority of rural counties in this region are distressed, 36 and the median household income for residents in very rural counties is $24,609, and the percentage of rural Kentucky citizens not in the labor force is 48.5%. The urban household income is $42,148, and 35.7% of urban/ suburbanKentucky citizens are not in the labor force. 37 Children from low-income families tend to have poorer language development, 38 and Niparko et al found that family income above $50,000 was associated with better language performance in pediatric cochlear implant recipients. 39 Educational disparities may also play a role in health behaviors in rural regions, as 35.3% of residents of the very rural regions of this study have not obtained a high school degree contrasted with 20.3% in urban residents. 37 In addition, the percentage of uninsured in rural regions is concerning, as the very rural region in this study has a 17% uninsured rate,whereas the urban region has a 12.42% rate. 37 Certainly, the urban and rural populations in this study are not homogenous, and further investigation is warranted to examine factors that directly affect hearing healthcare timing.
This study is also limited by a modest sample size and the retrospective nature of data collection; however, we have demonstrated significant delays in hearing healthcare in pediatric cochlear recipients from a very rural region. This was also demonstrated when controlling for the implementation of mandatory infant hearing screening. Also, incomplete documentation from the medical record limited further causative factor data collection and subsequent analysis. Racial and cultural factors were not addressed in this study; however, these are likely to play a role in hearing healthcare timing. There may be similar healthcare disparities in urban communities that are related to racial differences, and the effect of race on intervention timing also needs further investigation. This study serves as a first and key step in future prospective studies to investigate hearing healthcare timing and causative factors that impact timing and language outcomes in regions of healthcare inequities.
CONCLUSION
We found that children with congenital hearing loss requiring cochlear implantation from a rural region are delayed in diagnosis and treatment when compared to children from an urban area. Furthermore, there is a weak linear correlation between the timing of pediatric cochlear implantation and the county of origin rural status. Further assessment of factors causing this delay is warranted,and interventions should be developed that improve access to timely care for those who live in rural regions.
